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Abstract: With the increasing of system frequency, the characteristics of microstrip substrates are non-ignorable
factor for affecting the crosstalk between transmission lines. This paper analyzes the crosstalk between two parallel
microstrip lines based on the transmission line equations and S parameters, simulates the crosstalk with different
permittivity and thickness of the substrate with 3D full-wave electromagnetic tool. The electric field distributions
of microstrips with different substrates and the results of near-end and far-end crosstalks with the changing of
frequency, substrate permittivity and thickness are obtained. The far-end crosstalk will be greater than the
near-end crosstalk with the frequency increasing, and moreover, with the increasing of substrate permittivity and
thickness, the crosstalks of microstrips will present a sine upward trend.

Key words: Microstrip; Crosstalk; Substrate; Permittivity

Vol.32No.11
Nov. 2010

1 355

A ) PR P B R A S s R HL T 2R AT F B
R B LS, FEZHEOLT, XA ST
FEBeTEH P, BRI BB SR T
K, B AR GEIN PRATA R i e A 1R PR AN B v
ENV il HLBR AR (PCB) LA 5 e8] AR R 0 ) 3 2 1k 52
Wi 7 R PERER)— D E AR

HAT S ARk A B PRI 5007 AR 2, SR
(243 e o £ 3 BELSTC 14 23 A RTIG P R B A a2k 14
H 9, SCHIR (58] ik ) 3 A VA RIS R X e 40
AT TOAIPPAL, SCHR[9,10]5 N B ORAP 2ok 3%
e K2 B IR SRR ol R 15 2 (1
SRR BR SR YL, JF B3 RTINS 2
JREBATIESE . B PR KI5, A AR
XFER LIRS AN 2, R S A R LR

2010-04-26 W #, 2010-07-16 &/ml
VLA B A ARERAIF LI H (10KJIB510002) 8 Wi
WAEEH: HBHEH  xlkingQujs.edu.cn

R TP ST LURUE LRI A ELAiL, Rt
RIS A BE X By LA 5 ) A 3 A 1 s i
SRS T2 7 R AR WATIRA R IHRIE -
ASCHRET B, S S H 70 AT Ry e ] e
M E AT B AT, IR & i ra i U B U ik
BIF 5 Ao JER R 36 F) A2 A Bl T v e 32 i R L Y
SO, HRH AR PURE £ AT RS P S A ) — o
o

2 BIIBAIEE

Bl DR R, S B S 2e ] LI PCB
AR I AT LA, DR AR A £ 1) 2 AR 2
ANRERME, W ARA LT 73 AT I AR 73 AT S 5
B 1 o )2 s i AT R P4 AT I 2

Ml 2 TR A2 (MTL) #iR, Rk
SRS RBGERE[ L) RAAERE[C) W FHAERE [ R]
AN P ALFE [ GIZ R X T ET 1 A H K AT il
2, Ams RN



%511 H T AR 22 ] R A A RS 2769
Zy Zy 7 _7 .
; 3 = 1 7= AZ:LﬁL—lﬂlmlEU@—Chﬁ) (13)
/V / 2 27

L -

| | I
1 2 l
Ep (&ZH /&;u ‘/I
97,
Vi ? _I_ Hy
= = -

1 PFAT i £ 3D 454

oV(z)/0z = —[Z|I(z), 0I(z)/0z =-]Y|V(z) (1)
Horh VA DR R B AR R, o AUER
(LAl VA

R, + jwL, Ry, + jwl,
Z]=[R]+ jw[L] = : '
[ ] [ ] ]w[ } Rzl + JwLy, RZQ + Jwly,
Gy + jwCyy Gy + jwCy
Y]=[G]+ jw[C]= ‘ ‘
[ ] [ ] ]w[ } Gy + jwCy Gy + jwCyy

XA (1) BE— P IR X (2) AN T A5 2
PP iR, TRl B mT LA B A B sh T R
LU W

O’V (x)/02° = v*V(z), 0°I(2)/02° = +*I(z) (4)
oo B Ky R [ Z)[ YBR[ Y] [ Z) 200 f A )
B8 N TAEFHT, B 1 AT R 2o
P EIRIRRIET, s T BT A AR 20 A 73k T RA23 33l 15 21
AR AL 3R RO w1 B BT

Tov = jw\/(Lu + L,)(Cyy + Cy) (5)
Yoda = jw\/(Ln = L,)(Cyy = Cy) (6)
Loy = \/(Ln + L) /(Cyy + Cy) (7)
Zoaa = \/(Lu = L) /(Cyy = Cy) (8)

Wil 1 PR, 8T M, AEPTATI 2
s I 1 A b U Vi, FeR 5 2
FHBABT Zyr AEPPATEIA BRI AR NI BT
BB 5 — MR LT ER ST LA S S HckoR
Sy

cos (2Akl) + %Sin (2Akl)” (9)

- £[l_
0
)

~ —je sin (Akl) (10)
V1(0)

LA b 9 200 0l 2 75 Y P AT s 2 R 30 S HR A
o L,
Yo = jW\/LnCna Zy = \/Ln /Cyy (11)

Yev — Yo w g
Ak:ﬁ—jg—ﬂlmizﬂg2+cbzﬂ (12)

EAERIE, IR, ek r s
FERN L EIG R . AR BE AL, T
5 B 2 B, W B R T AEEUE
TEM 520, ‘©ATHE— 2 RAE B Y B Ak FAR
T, AH B AR e = R ARG AR AL, &
G o N OASFFAER,  EEARE A Hh P R 25
K SH, DAUS BT i i T BT 3 4i4
WHUEA 3L
3 HBMAERS

A% 3 4 i i BLR A HEFSS ] LAHERf
AT BN GCHY AR T 2k LRGS0 0 AT, T RERE IR M 1
RS R R RS H, IR R AT IR A (1 1
TERIVPY . PO R 2696 w=0.2 mm, &
B 5=0.035 mm, S AP s=0.6 mm, FLEKJTF =5
cm, 15 5 UEHPTRIIL R & L 3k 7,340 50 Q,
BRI PCB KN FR4(e, =4.4), FHEEE
h=1 mm. $HEJEE N 100 MHz~10 GHz, 1jEL45
R 2 F1E 3 Fros.

M 3 o LAE H, il IR RS AR,
FEJFR R RN, 595 H3K DS SARIEK
FETLEAEL, BRI AE AN IR A A6 bl 2 (AU i
Tty e AR R A, AX(9), 20 (10)H
WA A LV %A 2 R I FR O A AR . Bl
FARIIRK, Sy A1 Sy R EAR K, 7EM
F/NT 1 GHz B, WEMZEAKR, (HRENRR
W, Sy BRI IIEE Sy PR, U T v A
bl 3 i £ I B

KT HFFAS A AR AT 26 SR PR 3
M, REEAE mAE DL R, AR T JE S S
FEAF A N AT AT 2 E R, DR AR 4
JEA B B, (B e, =2-7.6 I, 3BE—2bxF i b
Az B PLIATO B, AR 45 R aniEl 4 FE 5 pr
7No

BEE 4] JEC A FLR BB N, AEAIR /N T 1 GHz
B, 3 s B P R AR RN A, EE AR I N
F 5 GHz I, amuty BRI IR B RO, JF H 20
IEFZAR A, BEIAE RSO T, B IR
MR AR B N B . — NI S, 4
B /NT 1 GHz B, B A rUE 30, i 5
P aA S T B E A A e, RILZENS T Rx
(Fas, It HEshBa AW . MfE 5 GHz I,
20 i ER P BN P R L i AR B, L s A R
P07 A W I LA (AR A B o 2 S S R A



2770 CEI A R I N 32 %

= f=0.5 GHz
e I
L - f=5GHz ANl

A = :

= =

& o

0 I IR R Rt 10 PHj G iiiiig o A HR R
0.1 1 10 0.1 1 10 2 3 4 5 6 7 8
i (GHz) P (GHz) SR =,

P 2 5, MR EL B A AR AR A0 i 2k (G 3 )

SrHEE e,
HLHE H AR AL 2%

K 5 Jat i eh P BEAT IR A

AR PR AR 1 e 4 0 P A, e T 25
IR, AR BHAR T Wi 14k 5

Wﬁ¢ 111 B SR RGP0 P A i A Ok
BHHS PRI FE TEM B, e ) 80203

ﬁAHE,ﬂ%HMM S G RIS AL
Wit . K6 45 7425 GHz I, AT H
Hor o 4.4 F16 IRy R i) fe I o Ao

MAN RN AF T A HLHE B Bty 2 L7 20 A b AT B
A, A HEECY 6 IR I A b A 50
LA EE%%U@ 4.4 IR, DNIEAESR N 5 GHz
I, HR S Y s i HL 7 9 B LU S HL 7 R
WK, U B i 1) R PG LU i (1) R P Ay R . A

E Field[V_per m]

2.5118e+003
. 2.3549e+4003
2.1981e+003

2.0413e+003
1.8844e+003
1.7276e+003
1.5707Te+003
141994003

[

Pl 38 M EL B 2 A0 h 26 (A o o )

P 4 3 s R BEAT JE A v AR Hh 2k

PIRE AR TR, RPN, Rl
R B IR AR A, AR, IR ST
ACBC W, PrUAE RGO, BRI IE
C [Ty e N 6 Q1B AR (PSS YDy <R 2P 3yl I
B D BCRATRERE B 22508 0.7 mm, 1
mm, 1.5 mm fl 2 mm, PCB A FR4(e,=4.4),
HAbSEHAAAR, 2 HFSS 15 505 15 3 13 o 58 8
A H AR I e P 7 AT 8 o
MR R LVE Y, BEA AR B B89,
BB A PTG, AR S R PO iy
PG IR W, TAE R, 3 SR AT
it B3 PR A I B AR AN B A, KR, AR
AN G i £ 0 PO S R DU HE AR . PRLHOS TP AT
Tt 2 =, Al AT RS A R, B AT B4 R
il R P RE
4 iR

TERG TARPEARAW LIRS, AL SEIfiE
PrVE A RO B VE DA REHERI I 047 PCB _EAF 5
HUTEOL, N T SR IR ARSI v A A iy
VI A AL DL, ARSI T S SR,
A P e FL R B R P AT Iy 2 IR ) R 0EA T

%gﬂ

(a) =44, L5

1.2571e+003
1. 1002e+0053
0.4340e+002
T.865Te+002 1
6.2973e+002
4. 7280e+002
3. 1606e+002
1.5922e+002

w _""-_-‘—-1

2.3869e+000 (c) =

=6, I8

(d) =, =6, L

P 6 AN A T Y 4 A S R o 3% 23 A1 181 (/=5 GHLz)



%113 F S5 R RATROGCHY 2& R) H DU 75 (K 52 R T 2771

_95 k. @ h=1mm
—&— /=15 mm
—»— =2 mm
0.1 1 10

iR (GHz)

A7 AN [ R B2 3 o o S B AR AR A 2

TUTERMIHNT, WETT T A BB BONAN ] 5 E 1
FHEXS B, 1380 T RIRA LR W

i, TESFRART 1 GHz I, Ao JiA v i S 1 n
Xﬂ‘%%ﬁ’ﬂ?ﬂﬁ#ﬁw%ﬂ ERRAEMUR T 2 GHz 1
THOUT AR L8] (1 8 P A AT 200 15
M o

2 % x #

[1]  Ciamulski T and Gwarek W K. Coupling compensation
concept applied to crosstalk cancelling in multiconductor
transmission lines [J]. IEEE Transactions on Electromagnetic
Compatibility, 2008, 50(2): 437-441.

[2] Broyde F and Clavelier E. A new method for the reduction of

crosstalk and echo in multiconductor interconnections [J].

IEEEFE Transactions on Circuits and Systems I: Regular Papers,

2005, 52(2): 405-416.

[3] Ciamulski T and Gwarek W K. On eliminating crosstalk
within multiconductor transmission lines [J]. IEEE
Microwave and Wireless Components Letters, 2004, 14(6):
298-300.

[4]  Ding Wei-qiang, Tang Dong-hua, and Liu Yan, et al.

Compact and low crosstalk waveguide crossing using

impedance matched metamaterial [J]. Applied Physics Letters,

2010, 96(11): 1-3.

(5] ACHEM, ERAE, BRE. —MIET AR cmos TN HIE
HBP vlc ENTEERL [J]. WIEEAEAR, 2009, 58(4): 2631-2636.
Zhu Zhang-ming, Qian Li-bo, and Yang Yin-tang. A novel
interconnect crosstalk RLC analytic model based on the
nanometer CMOS technology [J]. Acta Physica Sinica, 2009,
58(4): 2631-2636.

6] %2, Wang Janet M, 33, % TZ“lSiﬁEL}jtiJJTﬂlEi’S’ﬁ RLC
T 2 R R R B VE A T (D). AR ARG, 2009, 37(2):
398-403.

Li Xin, Wang Janet M, and Zang Ying, et al.. Spectral

[7]

(8]

(9]

(10]

(1]

- /=0.7 mm
| —&— h=1mm
—4— =1.5 mm
-¥— =2 mm

-30 !
0.1 1 10

iR (GHz)

P 8 AN[FIAE TR E T (s o R P BEAR AR A2 A 2

method for analysis of crosstalk of non-uniform RLC
interconnects in the presence of process variations [J]. Acta
FElectronica Sinica, 2009, 37(2): 398-403.

N, ZEERIE, M. AN S rle EEER BT (]
HLH 5 R 424, 2006, 11(2): 150-152.

Dong Gang, Li Yue-jin, and Yang Yin-tang. Estimation of
crosstalk between two adjacent coupling RLC interconnects
[J]. Journal of Circuits and Systems, 2006, 11(2): 150-152.
Song E, Cho J, and Kim J, et al.. Modeling and design
optimization of a wideband passive equalizer on PCB based
on near-end crosstalk and reflections for high-speed serial
data transmission [J]. IEEE Transactions on Electromagnetic
Compatibility, 2010, 52(2): 410-420.

B, xndz, R BRI SO A o 42 in) 83 L vk
SYHTT]. HRIERMEZE, 2006, 21(4): 503-507.

Li Shu-lan, Liu Yuan-an, and Tang Bi-hua. Analysis of
approach for reducing crosstalk between lossy coupled
microstrip lines [J]. Chinese Journal of Radio Science, 2006,
21(4): 503-507.

Yang Yi, Liu Yi-fang, and Zhou Ya-ping, et al.. Minimizing
crosstalk in high-speed differential buses by optimizing
power/ground and signal assignment [C]. IEEE 18th
Conference on Electrical Performance of Electronic
Packaging and Systems, Portland, OR, USA, Oct. 19-21,
2009: 255-258.

Hill D A, Cavcey K H, and Johnk R T. Crosstalk between
microstrip transmission lines [J|. IEEE Transactions on

Electromagnetic Compatibility, 1994, 36(4): 314-321.

e Ao, 1975 A, WA, BRSO B (RS S
K ab .

B Y, 1976 AR, RIBUR, BETUUT )k SRS T /s oK
AR BT . IR AR He 2 5



